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16. Abstract (con't.)

Joint spacings were only one to three feet (.3-.9m) apart, it
was rippable up to a wvelocity of 7600 fps (2316 mps). When the

d granitle material was intensely fractured (all pieces less than
one foot (.3 m), most less than one half foot (.15 m)).it was
rippable up to a veloclty of 11,000 to 12,000 fps (3350-3800 mps).
The last velocilties were surface measurements made before removal
of the overburden and no determination was made of the selsmic
velocelty following removal.
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INTRODUCTION

Slnce the late 1950's, the Transportation Laboratory has been
determining the depth of rippable rock on proposed construction
projects at the request of the varlous Transportation Districts,
This is done by obtaining seismic velocities of the inplace rock
and relating them to the ripping ability of a particular tractor,
Transportation Laboratory rippability predictions have, for
several years, been based on the use of 2 Caterpillar D9G as

the ripper tractor. The new Allis-Chalmers HDU1 (now Fiat-
Allis 41B) is a larger, heavier, more powerful tractor that

has the ability to rip rock that previously requilred blasting.
The obJective of this study was to determine the relationship
between the selsmic veloclty of rock and its rippabllity using
the new HD41 as the ripper tractor.

The rippability of rock is basically an economic consideration

of what 1s most profitable from the viewpolnt of the contractor.
His interest 1s in moving the maximum amount of materisl at the
least cost, including the cost of his time. What 1s most economi-
cal for a contractor with Speciflc equipment at a particular site
may not be so ynder gz different set of conditions. There is a
range of material hardness within which the material can be con-
sideréd rippable with a specific plece of equipment. Harder
material must be considered as not rippable, or rippable only

with larger equipment,

A range of seilsmic velocities and fracture spacings also exists
for each sigze tractor wilthin which difficult ripping or light
blasting may be required. In this range of hardness, ripping
may not produce enough material, or may cause excessive wear
and tear on the equipment. Under such conditions, ripping may
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cost more than blasting, and only be Justified in the absence

of drilling equipment, restrictive regulations on the use of
explosives, or to complete the removal of a small remaining
volume of material. Therefore, predictions of rippability

have been reported on the basis of seilsmic veloclities of in-
place rock, correlated with the rippiﬁg ability of a particularly
equipped tractor, driven by a competent operator. How a contrac-
tor elects to excavate material i1s a decision he will make on

thé basis of site conditions, Judgement and available egquipment.

The original project proposal stated some twenty sites that
were representative of different rock types and conditions
would be selected for testing. Sites were to be selected on
the basis of rock type, hardness, fracturing, thickness of
bedding (in the case of bedded sediments), and degree of
weathering. Rock types to be represented included sandstone,
conglomerate, llmestone, granitic rock, volecaniec rock, shale,
gsilicic shale, and bedded metamorphilc rocks.

At each site, a study was to be made to determine the selsmic
velocity of the rock. In some cases, selsmic veloclties would
be available from studies conducted before constructlon began.
However, it was planned to obtain additional seismic data as
excavation progressed. Photographs of fractors in operation,
and interviews with resident engineers, tractor operators or
their supervisors at each project were also planned.

The performance of the tractor at each site was to be evaluated
on the basis of such lnterviews and pictures, together with
observations of the researcher.

www fastio.com
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Due to the limited number of test sites that were available

for this study, it was found necessary to modify the proposed

procedures. The actual procedures followed are described under
¥ the section: TEST PROCEDURES.

CONCLUSIONS

The following concluslons are based on the somewhat 1imited_daﬁa
avallable from the study.

1. The HD41l can rip granitilec rock with a selsmic veloclity of:

5300 fps (1615 mps), when the Joint spacings are three
to flfteen feet (.9 to 4.6 m) apart;

7000 fps (2130 mps), when the jolnt spacings are one
to two feet (.3 to .9 m) apart;

11,000 fps (3350 mps), when the joint spacings are less
than one half foot (.15 m) apart.

2. The HDU1 can rip basaltic rock with a velocity of 7400 fps

(2250 mps), when the Joint spacings are two to three feet
(.6 to .9 m) apart.

3. The HDY1l appears capable of ripping rock with seismic

veloclties 12 to 20 percent higher than those rippable
by the Caterpillar D9G.
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RECOMMENDATIONS

1. Estimates of rippability using the HD41l, as well as the
D9G, should be provided in rippablllity predictions to the
Transportation Districts,

2. More data should be obtalned on the rippabllity of other

materials to corroborate apparent relationships indicated by
this study.

IMPLEMENTATION

Past predictions of rippabllity made by the Transportation
Laboratory used the Caterplllar D9G as the ripper tractor
standard. Based on information gained from this study, future
predictions for the rippabllity of granitiec and volcanic rock
will include the HDU1l as well as the D9G., Since this study did
not include many of the rock types encountered in California,
predictions for them willl have to be based on extrapolation
from types that were studied. However, there 1s an apparent
relationship between the rilpping abllity of the two tractors.
This relationship can be used to estimate the higher 1imits of

the larger tractor.

The estimate of the cost of a constructlon project 1s based in
part on the prediction of rippabllity. More realistle and up-

to-~date estimates of contractors' optlons should result in
construction blds beneficial to the state.

Motion pictures of the HDY41 and D9G in operation, showing some

of the differences between the two tractors, will be available
to Laboratory and Distriet personnel.

ClibPD www fastio.com
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TEST PROCEDURES

Due to the limited amount of constructlon during the study
period, all construction sites where the HDA4Ll was used wWere
investigated, regardless of material type or geologlc condl-
tion. A total of seven projects were avallable, representative
of granitic, volcanic, and a minor amount of metamorphic rock.
The rock on three sites was voleanlc, and on four, granitic.

One granitic site contained a small amount of metamorphic rock.
The volcaniec rocks represented three different conditions of
hardness and fracturing. The granitic rocks represented several
different condltions of weathering.

Seismic information was avallable prior to construction on five

of the projects. Additional seismic data was obtalned on three

of the five. Seismlc coverage was obtalned followlng construction
on two projects. Photographs of the tractor in operation were
taken on only four of the projects studied as the tractor had
finished on the other three before the study began.

An interview with the resident engineer and his inspector, where
possible, was obtained for each project. Interviews were also
obtained with contractors' superintendents (six projects), and
with mechanics, engineers, and inspectors where avallable.

The tractor -operators were not readlly avallable for interviews.'

Thepre are three dlfferent contractors represented by the seven
projects. Four were done by one contractor, two by the second,
and one by the third. As a result, some of the same equipment
and personnel were represented on more than one project. Three
of the first contractor's projects were under the same superin-
tendent, who usually had the same ripper tractors and operators,
The two projects by the second contractor had different super-
intendents but the same tractor and same operator.

www fastio.com
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' Maﬁy'hdﬁrs were spent in the fileld observing the tractors in
operation., These observations were supplemented by motion

pictures which were studied at the Laboratory.

Many of the construction people interviewed in the fleld
emphaslzed the importance of the "availability" of the HDA1
tractor, which can be defined as the percent of time that it
is avallable to work during its regular shift. Repairs and
maintenance performed durlng the work shift would result in
a lower availabllity, Most contractors interviewed considered
the minimum acceptable avallabllity to be 90 percent. The
avallability of the HD41 was considered to be good on six of
the seven projects studied and poor on one.. A major factor
in the single project considered to have "poor™ HD41 avail-
abllity was thé lack of experienced operators.

iﬁ the words of the superintendent of Company A, a good operator
will result in good availabiliity of the tractor and visa verss.
This opinion is also held by officials of Company B, where only
certain operators are assigned to the HDL1l. If that operator

is 11l or otherwise not available, the tractor 1s not used

until his return. These company representatives belleve that

an operator who does not fully understand the tremendous power
of this tractor will operate in such a way as to cause damage

to the machine. Observations during the course of this study
corroborate these opinions on the necessary quaiifications for

operators,

To appreclate the size of the HD41, it is necessary to compare
1t to the Caterpillar D9G. The latter has a working weight of
100,000 pounds (45,400 Kg)} and a 385 horsepower engine, whereas
the HDA41 has a working weight of 155,000 pounds (68,000 Kg)

and a 524 horsepower engine. The relative sigzes of the two
tractors are shown in Figures 1 and 2.
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Figure 1, Front view of the two tractors, Hpyl
on the left, D9G on the right,

+

Figure 2. gSige view of the two tractors. HD41
with double tooth

ripper on the left,
D9G with Slngle tooth ripper on the right
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TEST SITES

Highway District 2, Tehama County, Route 36

This project had been completed before the study began, but
detailed information was available on the methods of excava-
tion. Information was obtained from the resident engineer,
district materials engineer, the contractor's superintendent,
and the subcontractor who had done drilling on the site.

The materlial was volcanle, ranging from clayey colluvium to
relatively unweathered basalt and andesite, and from ashy
pumaceous material through cemented agglomerate. Seismic
yelocities were obtained after completion of the construction,
involving much extrapolation and interpolation. However, there
was basic agreement between the yelocities obtained after con-
struction and those obtained by the contractor before construction

begarn.

Two ripper tractors were used - an Allis-Chalmers HDU1l, and a

' caterpillar D9G. Most of the hard ripping was done by the HD41,
which made 600-1000 cubic yards (459-765 cubilc meters) per hour
in all but the hardest material. This tractor worked two shifts,
and had 1little down time. In the project superintendent's opinion,
the two tractors must produce a minimum of from 300 to 400 cubie
yards (229 to 306 cubié meters) per hour 1f ripping i1s to be more
economlcal than blasting. Depending on the volume of material
needed to supply scrapers, the amount remaining to be excavated,
avallability of drills, and preferences of the contractor,
blasting will start when production is 150 to 200 cuble yards
(115 to 153 cubilce meters) per hour from the D9G, and approximately
250 cubic yards (191 cublce meters) per hour from the HDA1l. The
D9G production dropped to this level, but the HD41l continued

producing at a rate such that no blasting was necessary. A&
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small knob in a borrow area was not rippable by the HD41. A
seismic velocity of 12,100 fps (3688 mps) was recorded for this
knob. A few wildely spaced, tightly closed joints were noted.
Although there were few Joints in the cemented agglomerate that
was rippable by the HDA1, but not by the DGG, there were many
softer zones or lenses that provided an entry for the HDA41
ripper tooth. |

The total amount of excavatlion and borrow was 1,154,700 cubic
vards (882,830 cubic meters). Three percent had a velocilty
over 6150 fps (1850 mps) and would have been considered
blasting rock under the previous classification. Another
four percent had a veloclty between 5000 and 5800 fps (1524
and 1770 mps) and would have been classlfied as difficult
ripping to 1llght blasting.

Highway Distrlet 7, Ventura County,Route 101

Although this project was partially constructed by the time

- the study began, seismic velocitles in the area were available

as part of the design study. On the basls of the selsmic study
and a geologlc reconnalsance, the material was determined to
require blasting, and prespllitting was recommended. The rock
conslsted of hard dense basalt, hard broken basalt, relatively
fresh to well-weathered basaltic agglomerate, and fresh to
weathered tuff.

The successful bildder had already completed at least one project
on which the HD41 had ripped rock thought to require blasting.

The contractor began excavation using the HDA41l as the ripper

tractor, and, on the basls of his early success, requested the
presplitting requirement be dropped. Although the request was
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* granted, only a portion of this job was pipped effectively by
the HD41l, This early success was on the westbound offramp,
which Included large amounts of material not rippable by a D9G,
but which was ripped by the HDU1l., It had velocities that ranged
from 4500 to 7650 fps, (1320 to 2330 mps) with most of the
materlal having a velocity less than 7000 fps (2130 mps). The
D9G was unable to rip materlal with a veloclty of over approxi-
mately 6000 fps (1830 mps). The HDA41 ripped the 7000 fps
(2130 mps) material with moderate diffiliculty, and the 7650 fps
(2330 mps) materlal with difficulty and only marginal production.

In the main cut area, much of the material was elther soft enough
to be ripped by a D9G, or was So hard that it was not rippable

by an HDAL, The method then used was a combinatlon of light
blasting and heavy rippling by the HDU41l (see Figure 3). The
comblnation produced rock fragments with a maximum diameter of
two to three feet (.6 to .9 m). The material had selsmic
velocitles of from 4500 to 13,900 fps (1370 to 4230 mps).

All of the material with a velocity greater than 7400 fps

(2250 mps) was blasted, usihg a powder factor of approximately

one pound per cuble yard (.6 Kg per cublc meter). Material

with velocities up to approximately 8700 fps (2650 mps) was

firgt blasted, then ripped. Material wlth a veloecity of 12,000

to iH,OOO fps (3650 to 4360 mps) was removed entirely by blasting.
This operation was a combination of production type blasting away
from the backslope, and controlled blasting and ripping near the
backslope. The holes nearest the face were drilled vertically

on four foot (1.2 m) centers to a depth of ten feet (3 m) with
the bottom of the hole then beilng two feet (.6 m) from the position
of the finished slope. The HD41 could then rip and blade to
filnished slope Without materialiy damaging the slope.

10
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Figure 3.

HDL4I. fipping basaltic rock in the
bowl area of the cut, 07-Ven-101.

11
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' Highway District 8, Riverside County, Route 60

This project was observed throughout the construction period.
Photographs and motion plctures were obtained of the HDL1l and
D9G in operation. The resident engineer, grading inspector,
contractor's superintendent, and the company mechanlc were
Interviewed. A selsmic survey had been conducted during the

deslgn phase and additional selsmic data were obtained during
construction, '

The material on this Job was principally a quartz diorite that
ranged from disintegrated to slightly weathered, and had selsmic
veloclties ranging from 1700 to 9200 fps (518 to 2800 mps).
Joint spacings ranged from two to fifteen feet (.6 to 4.5 m)
with an average of four to filve feet (1.2 t0 1.5 m) (see

Figures 4, 5, and 6). There was some metamorphic rock, probably
roof pendants, consisting of schists and quartzite. There were
also several faults and numerous pegmatite and aplite dikes.

Where the rock was very hard, 1t was blasted and removed using
loaders and rock trucks. This operation required a D9G with
blade, the loader, and several rock trucks and.cduld remove
approximately 5000 cubic yards (3820 cublc meters) per shift.

Where the HD41 could rip, the rock was removed using scrapers.

The HD41 was the primary ripper, and was equipped with a single
five foot (1.5 meter) ripper tooth. It was asslsted by a D9G

with a single four foot (1.2 meter) tooth and a D9G with two-three
foot (.9 meter) teeth and a slope board. Other equipment used
included three D9G pusher tractors and six twin engine Caterpillar
Scrapers (see Flgures 7, 8, and 9)., This operation moved 13,000
to 14,000 cublec yards (9940 to 10700 cubic meters) per shift.
Based on several hours observatlon of the ripper tractors on

12
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Figure 4. Large granitic boulders and an unweathered
block at Sta 330, 08-Riv-60.

: Figure 5. Granitic cut near Sta 331 showin%‘hard zZones
which required blasting, 08-Riv-60.

13
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Figure 6. Cut along existing roadway showing jointing
and weathering of granitlec rock near Sta 327,

Figure 7. HD41 Ripping with a single five foot (1.5 m)
Ripper tooth in granitic rock near Sta 330,
08-Riv=60,

14
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Figure 8. D9G Ripplng granitic rock with a single four

Figure 9,

www . fastio.com

foot (1.2 m) tooth near Sta 328. Note that
tractor is on "tiptoe", and tooth is not

fully in ground, 08-Riv-60.

Scraper spread in operation. Three D9G
pusher tractors are loading scraper. DoG,
equipped with two-three foot (.9m) teeth
and a slopeboard, operating in foreground,
08-Riv-60. '
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several different days, the HDU41l probably produced 2/3 of the
material that was rilpped, amounting to something over 1100 cuble
yards (840 cubic meters) per hour. When the material became so
competent that this volume of material was not available to the
scrapers, the contractor began light blasting to increase the
production rate. This type of 1light blasting used a hole
spacing of 7 by 7 feet (2.1 by 2.1 meters) and a powder factor
of from 1/3 to 1/2 pound per cubic yard (.2 to .3 Kg per cubic
meter). The material that was being shot in this way had an

~in-place seismic velocity of approximately 5300 fps (1615 mps).

Joints were tightly closed and not visible prior to blasting.
However, the materlial tended to separate on joint planes when
it was heaved. The HD41l then ripped along parallel passes five

- feet (1.5 m) apart with the five foot (1.5 m) tooth at full

penetration. - This combination of tearing by the ripper tooth
and the erushlng action of the treads produced a finely broken
material resembling a coarse sand. There were some remnant
round hard knobs resulting from differential weathering that
were not rlppable. These were shot using a powder factor of
from 3/4 to 1 1/2 pounds per cubic yard (.44 to .89 Kg per cubic
meter),

It was observed on this project, and pointed out by construction
personnel on others that operator competence is an important
factor 1n comparing the performance of the HD41l and D9G tractors.
Here, the HDA41 operator was obviously more effective. A
comparison of the output of these two tractors is therefore
blased by this difference 1n operator competence.

On this projJect the avallabillty of the HD41l was about equal to
that of the DIG.

The HDA41 ripped rock with a seismic veloeity 500 to 1000 fps
(150 to 300 mps) higher than that ripped by the D9G, while
slipping less, traveling faster, and penetrating 100 to 200
percent deeper.
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Highway District 7, Los Angeles County, Route 2

Construction was partlially completed by the time this study was
begun. A selsmic survey had been conducted previously for design
information. Addltional seilsmic Information was obtained from

a study done by a consultant for the contractor, and from a study
by the Transportation Laboratory after the completlion of excavation.

Information was also obtained from the resident engineer, the
grading inspector, and the contractor's superintendent.

The material on this project was a quartz diorite and gneissic
quartz diorite with complex and persistent jolnting. Jointing
was probably the most important single factor with respect to
the rippability of the rock. The condltion of the rock varied
from falrly fresh to quite weathered. Joint and fracture spacings
- ranged from three inches to one foot (7.6 to 30 em) in many areas.
Fracture spacings of two to three feet (.6 to .9 m) were the
average 1ln other areas, with some spaclngs of up to four feet
(1.2 m). The depth of weathering had been influenced by the
jointing so that the more closely Jointed rock was the more
weathered and had wider fracture openings. At depths of from
50 to 100 feet (15 to 30 m), the material was still relatively
fresh even in areas of very broken material. In this situation
the joints were stlll very tight and dild not provide an easy
entry point for the ripper tooth. There was also a velocity
increase when these jolnts were tightly closed. '

The velocity of the rippable material varled with the spacing
of the fractures, width of the openings, and hardness of the
individual pieces. A relatlvely fresh gneiss, wilth tight joints
spaced one to four feet (.3 to 1.2 m) apart, was rippable to a

. velocity of about 6000 fps (1830 mps). Highly Jjointed rock
with spacings of three inches to two feet (7.6 to 61 cm) was

. rippable to a velocity of 7400 fps (2250 mps). Some relatively
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unweathered but highly fractured material with tightly closed
fractures spaced less than six inches (15 em) apart and a velocity
of 9400 fps (2860 mps) was rippable with difficulty. The ripper
tooth did not enter the fractures, however, the weight of the
tractor concentrated on the tooth caused the material to faill.

Due to the highly abrasive nature of this material and the
uncertainty of ripping large volumes for a scraper spread,

light blasting was done throughout most such material.

The HDU4l's were the priméry tractors and used for all heavy
ripping and push loading on this project.

Highwgy District 11, San Diego County, Route 15

This project was started after the research study had begun,
~and was observed throughout the construction period. Informa-
blon . was obtalned from a selsmic investigation which had been
made for design purpeses, and Ilnterviews with the resident
engineer, grading inspector, construction superintendent, and
preoject engineer.

The material was a relatively massive granlitic rock with a minor
amount of metamorphle rock in one area.

Much of this project used an HDUYLl as the primary ripper tractor.

The large cut on the north end of the project was excavated with
a D9G ripper tractor. Material which the D9G could not rip was
blasted.

For most of the project, the ripping assignments were shared by
an HD41l and one or more D9G tractors. The DYG's were able to
rlip granltiec rock with a seismic veloclty of about 5000 fps
(1520 mps) and joint spaclngs of from one to four feet (.3 to
1.2 m). The HDU1 ripped granitic rock with a seismic velocity
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of 5650 fps (1722 mps) with moderate Qifficulty when it had
Joint spacings of from six inches to two feet (15 to 61 cm) .
It ripped granitie rock with a seismic veloclty of 7600 fps
(2316 mps) with Joint spacings of one to three feet (.3 to

.9 m) with extreme difficulty. Material with a veloclity of
8000 fps (2440 mps) or greater was blasted. The HDY1 also
ripped hornfels with a selsmic veloecity of 5250 fps (1600 mps)
and joint spacings of six inches to two feet (15 to 61 cm)
with moderate difficulty.

Highway District 9, Mono County, Route 385

This project was completed before the study began. Rippability
information was assembled from interviews with the resident
engineer, his assistant, and one of the insbectors. Selsmic
studies performed by two consultants for the contractor were
avallable for evaluation. Additional seismic work was done

by the Transportation Laboratory after the project was completed,

The material is a welded tuff. While there was some variation
in closeness of joints and degree of weathering, the material
was remarkably uniform throughout the project.

Several ripper tractors were used on the project. The work was
started using D9G's; one with a single tooth and two or more

with double teeth. The DH4] was later brought in to rip using
one to three teeth. The bPrincipal area of use was where material
could be reduced to the proper size for gcraprers by two or three
passes of the D9G, or by one pass of the HD41l., For most of the
more difficult ripping, the D9G used a single tooth while the
HD41 used two teeth. The seismic veloclties ranged from 5000

to 5900 fps (1524 to 1800 mps), a range that would ordinarily
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be classed as difficult ripping for the'ﬁgé. The performance
of the tractor was in agreement with this classification. This

‘material had joint spacings of from one to five feet (.3 to 1.5 m)

and was ripped with only moderate difficulty by the HD41l, No
material hard enough to requlre blasting was encountered.

Highway District 8, San Bernardino County, Route 40

This project had been completed before the study began. A
seismic study had been made for design purposes and there was

a final review of the projJect after excavation. At that time
interviews were obtained wlth the resident engineer and the
contractor's superintendent. The superintendent also provided
a copy of the seismic study done for them by a consultant. The
project'was inspected to determine which materials had been
blasted and which had been ripped. The resident englineer, con-
tractor's superintendent and this researcher also discussed the
effeétiveness of the then new Allis-Chalmers tractors (HD41).

The material was granitic rock, blocky and massive on the west
end, broken and shattered towards the east end.

The seismic study done by the Transportation Laboratory in-
dicated that based on the use of a DIG as the ripper tractor,
about 340,000 cublc yards (260,000 cuble meters) would require
blasting. The amount of material actually blasted was about
15,000 cubie yards (11500 cublc meters). The superintendent
stated that they had tried ripping with the D9G, but were not
successful. He then brought in two HDA1l tractors, which were
successful. He described the rock on the east end of the project
as beling well shattered. Although individual pleces were very
hard, joint width was sufficlent to permit penetratlon of the
ripper tooth into the fractures. He indicated, on the ground
and on cross sections, where the materlal had been blasted or
ripped.
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The fracturing of the granitic rock on the east end was much
greater, However, Selsmic velocities measured from the ground
surface in the area of the shattered rock Were 11,000 to 12,500
fps (3350 to 3800 mps), The contractor stated this materigl
had "hard" ang "sofrg" zones. The soft zones Were ripped with
only moderate difficulsy by the HD41, The hard zones were
ripped with difficulty and requiregd local light blasting. One

rock with any ripper tractor 1is related to Joint Spacing, seismic
velocity, ang rock type, Table 1 Summarizes the rippability of
the rock types studied, using the HD41 as the ripper tractor,

The tabile relates the Joint Spacings, selsmic velocities, and
rock types to the rippability,

The HD41 can exert more force, and wiil rip tougher and harder
materials than the D9G. However, it oaan rip only what the tooth
can penetrate. Fractures are the usual Weakness that allows the
tooth to Penetrate, Where there are no fractures, the granitie
rock seems to be too tough for Penetration until weathering has
Progressed to a degree such that the feldspars can be crushegd by
the tooth, This point for the HD41 appears to be approximately
5500 fps (1670 mps) for massive rock.
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Spacing and openness of fractures alSo has a direct effect on
the seismic veloclty. Highly fractured rock tends to have a
lower veloclty than an equally weathered but less fractured
material. A fractured rock with a relatively high veloecity
tends to have closed fractures and individual pieces that are
very hard. The selsmic velocitles of 11,000 to 12,500 fps
(3350 to 3800 mps) in the shattered granitic material along
Highway #0 represents material that 1s completely proken, but
only slightly weatheréd. The fractures ére tightly closed and
thus have little effect on the selsmic wave.

L]
A broken material with an in-place geismlie veloeity of 11,000 fps
(3350 mps) underlylng a 10 to 50 foot (12.2 to 15.2 m) thick
overburden would not be expected to be rippable. It 18 possible
that the fractures oben as the overburden 1s removed. This '
inelastic deformation would result in a decrease in the seismic
wave velocity, as well as permitting the material to be more
easlly excavated. Veloclitles were not obtained to determine 1if
such deformatlion was taking place at any of the sites investl-
gated as part of this study.

It'appeaps”that for the two robk types studled, the HD41 can
rip;matefiél with seismic velocltles on the order of 12 to 20
percent higher than what 1s rippable by a D9G. These findings
will be considered in Future predictions of the rippability of
granitic or volcanie rock. Predictions for other rock types
will have to be estimated on the basis of a conservative inter-
pretation of this data until addltional evidence has been
collected. o
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Maximum Rippabile Velocity Related to
Rock Type and Jolnt Spacings on the

Studied Projects

TABLE 1

Velocity

__Joilnt Spacings

fps {mps) Rock Type f't. (m) Project
5,300 (1615) Graniltic 3«15 (.9-4.6) 08-Riv-60
6,000 (1829) " 1-4 (.3-1.2) 07-LA=2
6,100 (1859) " 2w=3 (.6-.9) 08-8Bd-40
7,000 (2134) " 1-2 (.3-.6) 07~LA-2
7,600 (2317) " 1-3 (+3~.9) 11-SD~15
11,000 (3353) " <1/2  (<.15) 08-SBd-~40
7,400 (2255) Basalt 02-Teh-36
7,400 (2255) " 2=3  (.6-.9) 07-Ven-101
5,900% (1799%) Welded mufr 1-5 (.3=1.5) 09-Mno=395

*Highest veloeclty for materilal on the

difficult ripping.
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